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We, Whirlpool Corporation, a Corpora- 
tion organized and existing under the laws 
of the State of Delaware, United States of 
America, of Benton Harbor, Michigan, United 
5 States of America, do hereby declare the 
invention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particu- 
larly described in and by the following state- 
10 menc: — 

THIS INVENTION relates to apparatus 
for storing perishable animal and plant 
materials and to controls therefor. 
In our Patent Specification No. 1005612 
15 there is described and claimed an apparatus 
and method of preserving animal and plant 
materials in which the materials are sub- 
jected to a storage atmosphere containing 
oxygen and carbon dioxide in controlled 
20 quantities and in which the materials may 
be maintained at a desired storage tem- 
perature depending upon the type of material 
being stored. 

In our copending applicaton No. 40,763/64 
25 (Serial No. 1036488) there is described and 
claimed a container which may be fixed or 
portable in which the materials may be stored. 
The present invention is particularly suitable 
for use in a container or storage unit is dis- 
30 closed and claimed in this application. 

As is explained in the above Patent No. 
1005612, the degradation of stored animal and 
plant materials can be expressed by the fol- 
lowing approximate respiratory change 
35 equation : 

nO. + (CH 2 0)„— >nCO, + nH.O 
In this equation, which expresses the chemical 
reactions involved, (CH 2 0) a represents a carbo- 
hydrate molecule that is destroyed during 
40 the degradation or deterioration process with 
n being a whole number dependent upon the 
size of the molecule, with the size of the 
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molecule, of course depending upon the 
number of recurring CH 2 0 units present. 
The practical lower limit of n is, of course, 
6 and in this case the carbohydrate molecule 
would be that of a simpler sugar. For 
more complex molecules n could be extremely 
large such as 1,000,000 or more. However, 
in every instance on molcule of oxygen is 
is consumed for each CH 2 0 unit in the carbo- 
hydrate with the production of one molecule 
of carbon dioxide and one molecule of water. 
The carbohydrates are either present as such 
in the plant materials and micro-organisms 
or may be produced as end products from 
other substances such as proteins and fats. 
In any event, the deterioration changes on 
storage of both animal and plant materials 
in the presence of oxygen such as the oxygen 
of normal air is expressed by the above 
chemical reaction equation. 

In its preferred form the present invention 
provides apparatus for regulating and main- 
taining the amount of oxygen and carbon 
dioxide in the storage atmosphere so that the 
above equation can be materially slowed to 
increase the life of the stored materials. In 
addition, the apparatus later to be described 
in detail permits control of the humidity and 
temperature conditions within the storage 
space. 

According to the invention there is pro- 
vided apparatus for storing perishable animal 
and plant materials subject to respiratory 
deterioration changes on storage in air con- 
taining normal quantities of oxygen and carbon 
dioxide wherein oxygen is consumed and 
carbon dioxide is produced according to the 
following approximate respiratory change 
equation: 

' nO.+CCH.O),— >nC0 2 +nH 2 O 
wherein (CH 2 0) represents a carbohydrate 
module from said materials, comprising a stor- 
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age container for the materials; atmosphere 
control means for maintaining in the storage 
container a storage atmosphere of a prede- 
termined composition to retard but not to 
5 prevent the progress of the equation; tem- 
perature control means for maintaining a 
predetermined temperature in the storage con- 
tainer; humidity control means for maintain- 
ing a predetermined relative humidity in the 
10 storage container; and air translation means for 
circulating the storage atmosphere in the stor- 
age container. Preferably the temperature 
control means includes refrigerating means 
having a. cooling evaporator in cooling rela- 
15 donship with said storage space and a 
refrigerant compressor; means for directing 
refrigerant through a conduit from the com- 
pressor to the evaporator and back to the 
compressor during a cooling period for the 
20 space; means for directing refrigerant from 
the compressor through a second conduit back 
to the compressor during non-cooling periods; 
and means for cooling the refrigerant in the 
second conduit prior to the return of the re- 
25 frigerant to the compressor. 

Preferably the apparatus includes means 
for maintaining in the storage space during 
the storage period a storage atmosphere con- 
taining oxygen and carbon dioxide, the amount 
30 of oxygen being less than the normal air 
quantity and the amount of carbon dioxide 
being greater than the normal air quantity; 
carbon dioxide removing means; a source of 
carbon dioxide; carbon dioxide detection 
35 means in communication with the storage 
space for detecting the amount of carbon 
dioxide therein; means activated by the de- 
tection means for passing a portion of the 
container atmosphere through the removing 
40 means to remove excess carbon dioxide from 
the atmosphere in the container when the 
earbon dioxide detection means indicates the 
excess; 'means activated by the detection 
means for supplying added carbon dioxide 
45 from the source to the space when the carbon 
dioxide detection means indicates a need for 
such added carbon dioxide; a source of 
additional storage atmosphere; a source of 
oxygen; oxygen detection means in com- 
50 munication with the storage space for de- 
tecting the amount of oxygen therein; means 
activated by the oxygen detection means for 
supplying additional storage atmosphere from 
the source thereof to the space when the 
55 oxygen in the space is greater than the pre- 
selected amount to dilute the storage space 
oxygen; and means activated by the oxygen 
detection means for supplying additional 
oxygen source when die oxygen in the space 
60 is less than the preselected amount. 

The invention will be described in greater 
detail, merely by way of example, with refer- 
ence to the accompanying drawings, an 
which: 

65 Figure 1 is 8 semi-schematic cross sectional 



elevational view of a storage container em- 
bodying the present invention together with 
environmental controls therefor; 

Figures 2 and 3 together axuthaxe a cir- 
cuit diagram for the electrical portions of 10 
the apparatus of Figure 1 ; 

Figures 2' and 3' together constitute a 
key diagram for the circuit of Figure* 2 and 
3; and 

Figure 4 is a schematic view ilhntiating 75 
two temperature sensors of a tonperxture 
control with one sensor inserted in a material 
being stored, here an agple, and the other 
sensor in contact with the surface thereof. 

Referring to the drawings, there is shown 80 
in Figure 1 a container 10 which is similar 
to the container disclosed in our above co- 
pending application and which contains cir- 
culating air passages at the sides, bottom and 
top similar to those disclosed in that appli- 85 
cation. Thus, the container has a false 
top 11 to provide an atmosphere passage 12, 
a false side wall 13 to provide a side atmos- 
phere passage 14 and a false bottom 15 to 
provide a bottom atmosphere passage 16. 90 
The bottom 15 is made up of parallel spaced 
coplanar supports 17 supported on parallel 
spaced cross supports 18 to permit atmos- 
phere flow upwardly between the supports 
17 and 18. tf 

The upper atmosphere passage 12 is pro- 
vided with a series of blowers 19 operated 
by motors 20. These blowers receive 
atmosphere from the storage space 21 through 
openings shown schematically at 22. The 100 
blowers 19 circulate atmosphere through the 
container by drawing in the atmosphere as 
mentioned through the openings 22 from the 
space 21 and blowing it to the left, as shown 
in Figure 1, through the horizontal top 105 
passage 12. From here the atmosphere 
is forced downwardly through the side pas- 
sage 14, into the bottom passage 16, up- 
wardly between the horizontal spaced sup- 
ports 17 and back into the space 21 to com- 110 
p'lete the circuit. 

The passages 12, 14 and 16 and the 
blowers 19 and motors 20 in approximately 
one-half of the container 10 are as shown 
in Figure 1. Similar elements for the 115 
other half of the container are arranged 
directly opposite. This is illustrated more 
completely" in the above copending appli- 
cation. Thus, in the side passage 23 which 
is opposite to the side passage 14 flow of 120 
the atmosphere is downward as caused by 
the elements of the other half of the con- 
tainer. 

Temperature Controls 
Located in the top atmosphere passage 12 125 
downstream from the blowers 19 is a re- 
frigerant evaporator 24. The refrigeration 
system' also includes a refrigerant compressor 
25 operated by an electric motor 26 a a con- 
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denser 27, a refrigerant receiver 28, a dryer 
29, an expansion valve 30, a second expansion 
valve 31, a pressure regulating valve 32 
and a blower 33 operated by a motor 34 

5 and arranged to cool the condenser 27 as 
indicated by the arrows 35. 

The compressor 25 is arranged to operate 
substantially continuously under normal con- 
ditions as it has been found that this 

16 produces better temperature control in the 
storage space 21 and avoids heavy start-up 
loads as is true where the temperature is 
controlled by cycling the compressor on and 
off. 

15 In order to provide for this substantially 
continuous operation of the compressor 25 
two referigerant circuits are provided with one 
being used to supply liquid refrigerant to the 
evaporator 24 when cooling is required and the 

20 other permitting circulation of the refrigerant 
from and to the compressor when refrigera- 
tion is not required. 

One of these refrigerant flow circuits 
includes a line 36 for hot refrigerant gas 

25 from the compressor 25 to the condenser 
27. From the condenser 27 the line 36 
conveys hot refrigerant liquid from the con- 
denser 27 to the receiver 28 and the dryer 
29. 

30 From the dryer 29 the line 36 connects 
to a valve 37 operated by a solenoid 38 and 
from there to the expansion valve 30. From 
the valve 30 the line 36 conveys the liquid 
refrigerant which is now a cool liquid be- 

35 cause of its passing through the expansion 
valve to the inlet to the evaporator 24. 

The expanded refrigerant gas is conducted 
from the evaporator 24 through a line 39 
back to an inlet to the compressor 25 by 

*° way of the pressure regulating valve 32. This 
regulator valve 32 maintains a constant back 
pressure on the evaporator 24 to keep the 
evaporator operating at a substantially con- 
stant temperature. 

*5 An auxiliary line 40 is provided around the 
pressure regulating valve 32 with this line 
40 containing a valve 41 operated by a 
solenoid 42. 
As is obvious from the above, the lines 36 

50 and 39 provide the refrigerant circuit through 
the evaporator 24 when cooling is required. 

In order to provide for refrigerant flow 
when cooling is not required, so that the 
compressor 25 may be operated substantially 

55 continuously, there is provided a refrigerant 
gas line 43 leading from the line 36 upstream 
of the condenser 27. This line 43 directs 
refrigerant through expansion valve 31 to a 
coil 44 in the top atmosphere passage 12 in 

60 the container 10 downstream of the blowers 
19 and between these blowers and the evapora- 
tor 24. The coil 44 is located in this posi- 
tion so that the refrigerant gas in line 43 
will be cooled by the blowers 19. 

<5 From the coil 44 the refrigerant is returned 



to the compressor 25 by way of a line 45. 
Lines 39 and 45 are under the same pressure, 
in this case the suction pressure of compressor 
25. 

When valve 37 is opened by its solenoid 70 
38 to provide refrigeration in the circulating 
atmosphere within the container 10 the re- 
frigerant flows from the compressor 25 
through line 36 by way of the condense: 27, 
receiver 28, dryer 29, open valve 37 and 75 
expansion valve 30 to the evaporator. The 
refrigerant is returned from the evaporator 

24 through the line 39 to the compressor 

25 by way of the pressure regulating valve 

32. 80 

When refrigeration is not required valve 
37 will be closed so that the refrigerant will 
flow from the compressor 25 through line 43, 
expansion valve 31, coil 44, line 45 hack 
to the compressor. The expansion valve 30 85 
is controlled or modulated by a conventional 
thermostat 46 on the refrigerant line 39 
which is a suction line leading from the 
evaporator to the compressor. 
Connected to the refrigerant outlet line 90 

36 by way of a branch line 47 is an ordinary 
pressure operated switch 48. This switch 
48 controls the operation of the blower 
motor 34, as indicated by the connecting 
dash line 49. Here as with the other dash 95 
lines of Figure 1 the element controlled and 

the controller therefor are connected by dash 
lines for clarity of illustration. 

If the condenser 27 is not condensing sub- 
stantially all of the gaseous refrigerant to a 100 
hot liquid, pressure will build up in the line 
36. At a predetermined pressure, after start- 
up of compressor 25, such as about 130 pounds 
per square inch the pressure switch 48 will 
close the circuit to the motor 34 to operate 105 
the blower 33 and cool the condenser by the 
air stream 35. When operation of com- 
pressor 25 is discontinued, or as soon as the 
pressure in the line 36 drops to a pressure 
such as about 90 pounds per square inch, HO 
indicating that the refrigerant is being con- 
densed to a liquid, switch 48 will open to 
stop operation of the blower 33. 

As is shown at the bottom of Figure 2, 
pressure switch 48, which as previously des- 115 
cribed controls the operation of the motor 
34 of the blower 33, is in an electric line 63 
which connects electric leads N and L, with 
the motor 34 and switch 48 being in series. 
The switch 48 comprises a pair of spaced 120 
contacts 64 and 65 and a movable bridging 
contact 65 adapted to close the circuit be- 
tween contacts 64 and 65. The movable con- 
tact 66 is moved by pressure in the fluid line 
47 operating through a bellows 67. 125 
_ The solenoid 38, which as previously men- 
tioned controls refrigerant flow through valve 

37 to the evaporator 24, is in an electric line 
68 connected across electric leads N and L., 
The solenoid 38 is in series with a normally 130 
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closed switch 69 and in series with a pair of 
normally open switches 70 and 71 arranged 
in parallel with each other. 

The solenoid 42 which controls the by- 

5 pass valve 41 which permits refrigerant flow 
from the evaporator 24 to the compressor 25 
to by-pass the pressure regulator valve 32, 
as previously described, is in an electric line 
72 that extends between the leads N and L> 

10 In the line 72 the solenoid 42 is in series with 
a temperature control switch 73 of a well 
known construction which is adjustable to 
actuate at a preselected temperature. The 
temperature control 73 is connected to a 

15 pair of temperature sensors 74 and 75 whose 
opecation will be described hereinafter. 

The temperature control 73 includes a 
movable switch arm 76 that is moved into and 
out of engagement with a fixed contact 77 

20 by temperature sensed by the sensors 74 
and 75. This relationship is indicated by the 
dash line 78. Arranged in parallel with the 
control switch 73 is a normally open switch 
79 in an electcic lead 80 which has one end 

25 connected to the circuit line L.> and the other 
end connected to the line 72 between the 
solenoid 42 and the switch 73. 

As described earlier, when the evaporator 
24 is operating normally to cool the space 

30 21 in the container 10 the valve 41 is closed 
so that the refrigerant return line 39 from 
the evaporator is maintained at a constant 
pressure by the pressure regulating valve 32. 
When it is desired to operate the evaporator 

35 24 at increased capacity so as to produce a 
lower temperature, solenoid 42 is used to 
open valve 41 so that the return refrigerant 
may flow without restriction into the com- 
pressor 25 by way of the bypass line 40. The 

40 circuit to the solenoid 42 is controlled by a 
number of controllers including the previ- 
ously described temperature control 73 as is 
indicated by the dash line 84 of Figure 1. 
Temperature control 73 is adjustable and 

45 i s operated by the sensor 74 which is inserted 
in the material of an article being stored 
in space 21 with the other sensor 75 contact- 
ing the surface of the article. Figure 4 
exemplifies this arrangement in an appie. The 

50 material such as the apple with which the 
sensors 74 and 75 are associated should prefer- 
ably be located at the coldest place in the 
stored material. With this arrangement when 
the stored material interior temperature is 

55 above the temperature as set on the control 
73, as when the warm harvested material is 
first placed in the container 10, sensor 74 
activates switch 76 to engage contacts 77 and 
energize the solenoid 42. This opens the 

60 valve 41 to permit full flow of refrigerant 
into and from the compressor so that the 
evaporator 24 functions at a lower than nor- 
mal temperature to chill rapidly the stored 
material. Since the stored product under 

65 these conditions may freeze from the outside 



in before the sensor 74 is activated to close 
valve 41, the surface sensor 75 operates to 
maintain a temperature in space 21 which 
is the lowest value at which the product sur- 
face will not freeze. Sensor 75 therefore con- 70 
trols the rapid chilling of the stored product 
until the temperature of the interior of the 
material being stored and the sensor 74 
reaches the predetermined temperatures as set 
on control 73, whereupon the switch 73 is 75 
opened to de-energize solenoid 42 and close 
the valve 41 whereupon the refrigeration sys- 
tem operates in its normal manner. This 
normal operation continues until a low chilling 
temperature is again required in the storage 80 
space 21. 

During normal functioning of the appara- 
tus of this invention to store materials as 
previously described, the preselected tempera- 
ture within the space 21 is controlled by the 85 
temperature control 85 which has a sensor 
86. The sensor 86 is preferably located at 
the coldest area within the container 10 and 
is illustrated in Figure 1 as at the junction 
of the side atmosphere passage 14 and the 90 
bottom passage 16. 

As is shown in Figure 2 temperature con- 
trol 85 contains a movable switch arm 87 
which is moved by the temperature of the 
sensor 86, as indicated by the dash line 88. 95 
This temperature control switch 85 is a con- 
ventional commercially available product. The 
temperature sensed by the sensor 86 moves 
the switch arm to engage either one contact 89 
or a second contact 90 or neither. The switch 100 
87 is connected by an electric line 91 to the 
lead Lj. The contact 89 is connected 
by a line 92 to electric lead N and the line 
92 contains a relay coil 93. The other switch 
contact 90 is similarly connected to N by a 105 
line 94 which also contains a relay coil 95. 
Relay coil 95 when energized closes the norm- 
ally open switch 70 which is in series with 
solenoid 38 for energization thereof and relay 
coil 93 closes normally open switches 96, 97 110 
and 98 to energize reheater 99. 

As is shown in Figure 1 the top atmosphere 
passage 12 contains an electric reheater 99 
and an electric reheater 100. Reheater 99 is 
controlled by the temperature control 85 as 115 
indicated by the dash line 101 and reheater 
100 is controlled both by temperature control 
85 as indicated by the dash lines 248, 195 
and 102 and by an external temperature con- 
trol 103 having a temperature sensor 104 as 120 
indicated by the dash lines 105 and 102. 

As shown at the top of Figure 2 the 
temperature control 103 which is a standard 
readily available product comprises a pair of 
spaced fixed contacts 106 and 107 adapted to 125 
be engaged by a movable bridging contact 
108 that is moved by a bellows 109 activated 
by the sensor 104. The switch 103 is in an 
electric line 110 across the leads N and L-! 
and in series with a relay coil 111. The 130 
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coil 111 is arranged to open, the normally 
closed switch 60 and to close the normally 
open switches 112, 113 and 114. When switch 
60 opens, relay coil 62 is de-energized open- 
Si ing switches 81, 82 and 83 and de-energizing 
compressor motor 26. As can be seen in Figure 
3, switch 112 is in series with reheater 100 
and with switch 96 with this series being 
connected across the lines Li and L». Re- 

M> heater 99 is also in this circuit across Li 
and Lo but is in parallel with reheater 100 
and switch 112. Switch 113, reheater 100 
and switch 97 are also in series across lines 
L prd L, with reheater 99 also being across 

15 these lines but in parallel with heater 100 and 
switch 113. Switch 114 and reheater 100 are 
in parallel with reheater 99, and all ace in 
series with switch 98, with' this circuit being 
across the lines Li and L,. In addition, 

20 normally open switch 115 is in parallel with 
switch 112. normally open switch 116 is in 
parallel with switch 113 and normally -open 
switch 117 is in parallel with switch 114. 
As explained earlier, the sensor 86 of the 

25 temperature control 85 maintains the pre- 
selected temperature within the storage space 
21. If sensor 86 senses a lower than pre- 
selected temperature on the control 85 within 
the space 21 the switch arm 87 is moved to 

3() engage contact 89 and energize relay coils 
93. This energizing of relay coil 93 closes 
the normally open switches 96, 97 and 98 to 
energize the reheater 99 which will then pro- 
vide heat to the circulating air stream, in the 

3 * manner previously described. When the stor- 
age space 21 is raised to the preselected 
temperature on the control 85 the sensor 86 
moves switch arm 87 out of engagement with 
contact 89 to de-energize coil 93 which per- 

40 mits contacts 96, 97 and 98 to open and de- 
energize the reheater 99. When the sensor 
86 senses a higher than preselected tempera- 
ture on the control 85 it moves the switch 
arm 87 into engagement with contact 90' to 

45 energize coil 95 which closes switch 70 and 
energize solenoid 38 of valve 37 to provide 
refrigerant flow to evaporator 24. 

The principal temperature control 85 
therefore operates to cause heat to be supplied 

50 to the storage space 21 when the temperature 
therein is too low and supply cold when the 
temperature is too high. In the control 85 
the contact 90 which controls the relay 95 
provides and controls the cooling, and the 

55 contact 89 which controls the relay 95 pro- 
vides and controls the heating. 

As described earlier sensor 104 of tempera- 
ture control 103 is located outside the con- 
tainer to sense the ambient temperature of the 
60 surrounding atmosphere. When the ambient 
temperature falls below the preselected 
temperature required in the storage space 21 
the sensor 104 moves the bridging contact 
108 into engagement with the contacts 106 and 
65 107 to energize the relay coil 111. Coil 



111 thereupon opens contact 60 to de-energize 
relay coil 62 which thereupon permits switches 
81, 82 and 83 to the refrigerant compressor 
motor 26 to open and stop the compressor 25. 
This relationship of the temperature control "» 
103 to the compressor motor is indicated by 
the dash line 118. The compressor is stopped 
during this period as refrigeration is no longer 
needed due to the low ambient temperature. 

The energizing of relay coil 111 by the " 
temperature control 103 also closes switches 
112, 113 and 114 to place the heater 100 in 
the electrical circuit along with the reheater 

99 so that both can be controlled by the 
switches 96, 97 and 98 which are controlled 80 
by the main temperature control 85 and its 
sensor 86 as described previously. 

Humidity Control 
Located in the upper passage 12 for the _ 
circulating atmosphere is a sensor system. 119 85 
for a humidity control 120. Both the humidity 
control and its sensor are standard products 
that are readily available commercially. The 
sensor elements 255 of the sensor 119 are posi- 
tioned downstream from the heaters 99 and ™ 

100 and the evaporator 24. The sensor 119 
monitors the relative humidity of the atmo- 
sphere in the passage 12 and sends the signal 

to the humidity control 120 which may be _ 
adjusted to maintain any preselected relative 
humidity within its operating range. 

The humidity control 120 is arranged to 
activate the motor 121 of an air compressor 
122 as indicated by the dash line 123. The 1fift 
control 120 is also arranged to activate the 1UU 
solenoid 124 of a valve 125 as indicated by 
the dash lines 123 and 256. The air com- 
pressor 122 is arranged to draw atmosphere 
from, the storage space 21 through a fluid 
line 126. The line 126 contains an adsorber 
127 bypassed by a line 126a for adsorbing 
carbon dioxide and a two-way valve 127«i for 
controlling the flow of atmosphece from, stor- 
age space 21 through either the adsorber 127 
or the line 126e. If the carbon dioxide level 
in space 21 rises abcve a predetermined 
amount, a carbon dioxide control 231 will 
activate valve 127a to cause atmosphere to 
flow through adsorber 127 to remove carbon 
dioxide therefrom. If the carbon dioxide 115 
level in space 21 reaches or drops below a pre- 
determined amount, the carbon dioxide control 
231 will de-activate valve 127ai to allow 
atmosphere from space 21 to bypass adsorber 10n 
127 and flow through lne 126. This absorber uu 
contains finely divided activated carbon which 
is the adsorbing medium for removing carbon 
dioxide. 

From the compressor 122 a fluid line 128 
leads to an outlet 129 in the atmosphere pass- 
age 14. Also located in this line is a pressure 
relief valve 130 that is arranged to open at 
a predetermined pressure such as about 20 
pounds per square inch. Connected to the 
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fluid: line 128 between the compressor 122 
ami the valve 130 is a fluid line 131 -which, 
exhausts through a liquid atomizer 132 having 
as inlet 133 located at the bottom 134 of 
5 the container 10. This bottom 134 is adapted 
to, retain a body of ■water 135 which is initially 
placed there and is maintained either by 
added water or by defrost water from de- 
frosting the evaporator 24. In any event, a 
10 sufficient level of water 135 is maintained so 
that the inlet 133 will draw in water for 
atomizing at 132 by compressed atmosphere 
flowing through the line 131. 

If the humidity sensor 119 senses a rela- 
15 tive humidity lower than that set on the con- 
trol 120 the control energizes solenoid 124 
of valve 125 and energizes motor 121 of 
compressor 122. The compressor thereupon 
draws atmosphere from the storage space 21 
20 through the fluid line 126 and adsorber 127 
or fluid line 126a dependent upon the level 
of carbon dioxide in space 21 as discussed 
above. In the compressor 122 the atmosphere 
is compressed and directed through line 131 
25 and valve 125 into the atomizer 132. Here 
the atmosphere flow picks np water from the 
water body 135 and distributes it into the 
down flowing atmosphere stream in the side 
passage 14. This atomizing of the water into 
3° the atmosphere raises the humidity. 

Humidity control 120 is provided with 
spaced fixed contacts 139 and 140 and a 
switch arm 136 that is movable by tempera- 
tures sensed by the sensor 119 as indicated on 
35 Figure 2. The contact 139 is connected by 
an electric line 138 on the solenoid 124 cf 
valve 125 and relay ceil 137. The solenoid 
124 and relay 137 are in parallel with each 
other and these and the control 120 are con- 
40 nected across the circuit lines N and 1^. Con- 
tact 140 of humidity control 120 is connected 
to circuit line N by way of line 145. Thus 
with this arrangement solenoid 124 and relay 
coils 137 and 144 are connected to circuit 
45 line N while a movable contact arm 136 of 
the control is connected to the circuit line L,. 

When sensor 119 senses a low humidity 
condition the switch arm 136 is moved to 
engage contact 139 and energize solenoid 124 
50 and relay coil 137. Relay coil 137 thereupon 
energizes switches 141, 142 and 143 (Figure 
3) which energizes the compressor motor 121 
to operate the compressor 122. At the same 
time solenoid 124 is energized to open valve 
55 125 so that the compressor atmosphere will 
atomize water from the body 135 to raise the 
humidity as previously described. When the 
desired humidity switch arm 136 is disengaged 
from contact 139, de-energizing relay ceil 137 
60. and solenoid 124 to discontinue humidifica- 
tion. 

When the sensor 119 of the humidity con- 
trol senses a high humidity that is greater 
than that set on the control 120, switch arm 
$5 136 is moved to engage contact 140: This 



energizes relay coil 144. Relay coil 144 closes 
switch 71 to energize solenoid 38 and open 
valve 37 for flow of refrigerant into the 
evaporator 24. Coil 144 also closes switches 
115, 116 and 117 to place reheater 100 in 70 
the circuit with reheater 99. Coil 144 also 
closes switch 79 to energize solenoid 42 m 
open valve 41 so that returning refrigerara 
may flow freely into the refrigerant com- 
pressor 25. The opening of valves 37 and 75 

41 therefore operates the evaporator at lower 
temperatures so that the excess moisture 
collects as frost on the evaporator 24. When 
sensor 86 of control 85 senses a drop in 
temperature cf space 21, control 85 actuates 80 
to close switches 96, 97 and 98 to energize 
reheaters 99 and 1G0 which ate downstream 
from the extremely cold evaporator 24 to 
reheat the air from the evaporator to maintain 

the predetermined storage temperature of the 85 
stored materials during the removal of the 
moisture in the form of frost. As an example, 
in one embodiment of the invention the 
evaporator is normally operated at about 
30°F. During the extreme cooling for mois- 90 
tare removal the evaporator is operated at 
about 20°F. 

When the humidity sensor of control 120 
senses a correct humidity condition in the 
storage space 21, as represented by the circu- 95 
lating atmosphere in the upper passage 12, 
switch arm 136 of humidity control 120 dis- 
engages contact 140 to de-energize the relay 
coil 144. This de-energizes solenoid 38 to 
permit refrigerant supply valve 37 to close 100 
and de-energize solenoid 42 to permit by- 
pass valve 41 to close so that the refrigera- 
tion apparatus now operates in the normal 
manner. At the same time the de-energizing 
of relay coil 144 opens switches 115, 116 and 105 
117 which de-energizes the reheater 100. The 
other reheater 99 remains in the circuit and 
will not be de-energized until the sensor 86 
of main temperature control 85 senses the 
preselected temperature in space 21 that is 110 
set on the control 85. The relationship of 
the humidity contrcl 120 to solenoid 38 and 

42 is indicated on Figure 1 by the dash lines 
195 and 249. 

Defrost Control 
During normal operation of the refrigera- 115 
tion system frost tends to build up on the 
evaporator 24. Froit also builds up, as 
previously described, in removing excess 
humidity. As the frost builds up on evapora- 
tor 24, flow of atmosphere fcrced therethrough 120 
by the blowers 19 is restricted. This increases 
the atmosphere pressure on the upstream side 
of the evaporator and decreases it on the 
downstream side. This difference in pressure 
is used automatically to operate the defrost 125 
system. 

A differential pressure switch 146 is pro- 
vided having a static pressure sensor 147 on 
the upstream side and a similar sensor 148 
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on the downstream side of the evaporator. 
These pressures are conveyed to the opposite 
sides of switch 146 by fluid pressure lines 
149 and 150, and bellows 151 and 152, respec- 
5 tively. 

Higher pressure in line 149 caused by 
increasing frost accumulation moves a movable 
switch arm 153 into engagement with a fixed 
contact 154 in the switch 146. This com- 

10 pletes a circuit through a relay coil 155 (Fig- 
ure 2), a high limit safety thermostat 156 
on the evaporator which is arranged to open 
at about 75 °K, a defrost termination thermo- 
stat 157 also in the evaporator and arranged 

15 to open at about 55°R, a selector switch arm 
158 of a manually operated double pole 
double throw switch 159 and a selector switch 
arm- 160 in this same switch. There is also 
provided a normally open switch 161. In 

20 order to provide the power supply for this 
arrangement an electric lead 162 extends 
between line L t and switch, arm 160. Another 
electric lead 163 extends from the other 
switch arm 158 to a line 164. Coil 155 and. 

25 switches 156 and 157 are in series in line 
164. Normally open switch 161 is arranged 
across lines 162 and 163. The side of line 
164 opposite its connection to line 163 is 
connected to the supply line N. To complete 

30 the circuit an electric line 165 extends from 
the fixed contact 154 to a tecminal 166 on 
the switch 159. A second terminal 167, a 
third terminal 168 and a fourth terminal 
169 are provided on the switch 159. When 

33 the jointly movable switch arms 158 and 160 
are in the positions shown in Figure 2, they 
engage the contacts 166 and 168, respectively. 
When the switch arms are raised from the 
positions shown they engage terminals 167 

40 and 169, respectively. 

As stated above, increasing pressure caused 
by frost blockage of the evaporator causes 
switch arm 153 to move into engagement with 
switch contact 154 to energize the relay coil 

45 155. This relay coil then closes normally 
open switch 161 which then acts as a holding 
switch to maintain electric power to the relay 
155 and thus continues to energize it by by- 

Esing switch, 146. This is important as it 
ps relay coil 155 energized even if switch 
146 should open due to partial defrosting of 
the evaporator. 

Energized relay coil 155 also opens norm- 
ally closed switch 69 to make certain that 
55 solenoid 38 remains de-energized even if 
switches 70 and 71 were to be closed. This 
maintains valve 37 closed and blocks the 
refrigerant flow to the evaporator so that it 
cannot begin to cool during the defrosting 
60 operation. 

The energized relay coil 155 also opens 
nocmally closed switch 171 to de-energize 
relay coil 172. This relay coil 172 is in 
series with a normally closed switch 171 and 
§5 a normally closed thermostat 173 on the 



evaporator 24 with this series being in an 
electric line 174 across the supply lines L, 
and N. 

The above described de-energizing ci coil 
172 by opening switch 171 permits normally 70 
open switch 175 (which has been closed during 
.the normal operation) to open. This switch 
175 is in series with the motor 20 to the 
atmosphere circulating blowers 19 and con- 
nected acrrcs supply lines L, and N by an 75 
electric line 176. This de-eneigizing of the 
blower motor 20 means that atmosphere is 
not circulated through the storage space dur- 
ing the defrosting, eliminating unnecessary 
temperature rise in space 21 from the pre- 80 
selected temperature. 

The relay coil 155 energized as above des- 
cribed also closes normally open switch 177 
to energize relay coil 178 which are in series 
with each other across supply lines Li and N 85 
and in electric line 179. This energizing of 
relay coil 178 closes normally open switches 
180, 181 and 182 to energize the defrost 
heater 183 that is located on the evaporator, 
as shown in Figure 1. As is shown in Figure 90 
3, switch 180 is in series in line 187 with 
the heater 183 across electric supply lines 
Li and L>. Heater 183 is connected across 
these supply lines by another electric line 
185. Switch 181 is in series with heater 95 
183 in line 186 across supply lines Li and L,. 
Switch 182 and heater 183 are in series in line 
185 which places them, across supply lines 
L, and L 3 . This energizing of defrost heater 
183 melts frost from; the evaporator which 100 
then drops down in the form of water to 
replenish the body of water 135 at the bottom 
of the container 10. 

The energized relay coil 155 also opens 
switch 61 in order to prevent energizing of 105 
the relay coil 62 during defrosting. This 
de-energizing cf coil 62 maintains switches 
81, 82 and 83 to the compressor motor 26 
open so that the compressor 25 cannot oper- 
ate during defrosting. As is shown at the top 110 
of Figure 3, switch 81 is in electric line 188 
extending between supply line Li and the 
compressor motor. Switch 82 is similarly 
in line 189 extending between supply line L. 
and the compressor motor. Switch 83 is in 115 
line 190 connecting supply line L 3 and the 
compressor motor 26. 

After the frost has been melted from 
the evaporator as described above the tempera- 
ture on the evaporator rises to a point such 120 
as about 53°F. indicating that defrosting is 
complete. At this point the termination 
thermostat 157 on the evaporator opens to de- 
energize the relay coil 155 and permit the 
normally open switches 161 and 177 to open. 125 
Switch 161 opens the circuit 164 and permits 
the pressure operated switch 146 to take 
control through the electric lines 162 and 
163. Because the frost has now been removed 
so that pressures on opposite sides of the 130 



8 



1,076,584 



evaporator 24 are normal, fluid pressure in 
the bellows 152 acting against the fluid pres- 
sure in the bellows 151 moves the switch arm 
153 away from its contact 154. This re- 

5 turns the control to its normal condition. 

The de-energizing of coil 155 as described 
also opens switch 177 and thereby de- 
energizes coil 178. The de-energizing of coil 
178 permits switches 180, 181 and 182 to 

10 open, thereby breaking the circuit to the de- 
frost heater 183. 

The de-energizing of coil 155 closes 
switches 61, 69 and 171. This closing of 
switch 61 energizes coil 62 which closes the 

15 normally open compressor switches 81, 82 and 
83 to again start the operation of the com- 
pressor. The closing of switch 69 subjects 
solenoid 38 of (refrigerant supply valve 37 
to the control of switch 70 of the main 

20 temperature control 85 and the switch 71 
which is controlled by the humidity control 
120. Switches 70 and 71 as shown in Figure 
2 are in parallel with each other and in series 
with solenoid 38 and switch 69 in the line 

25 68. 

Thermostat 173 located on the evaporator 
24 is in series with normally closed switch 
171 and relay coil 172 in line 174. Because 
of the initial high temperature of the evapora- 

30 tor during and immediately following de- 
frosting switch 173 is open to de-energize 
relay coil 172. This condition is maintained 
until the evaporator is chilled by the refriger- 
ant to a predetermined low temperature such 

35 as about 38 °F. When this occurs switch 
173 closes to again energize relay coil 172. 
As soon as relay coil 172 is thus energized 
it closes the normally open switch 175 in 
the line 176 to energize the motors 20 which 

40 operate the atmosphere circulating blowers 
19 in order to begin circulation of the atmo- 
sphere through the storage space 21 as previ- 
ously described. This delay prevents the 
blowers 19 from operating until the evapora- 

45 tor is at the preselected desired low tempera- 
ture. Therefore, heat from the defrost heater 
183 is not circulated into the storage space 
21 where it would warm the stored material 
therein. 

50 Instead of an automatic defrosting system 
as described a timer operated system' can be 
used if desired. As is shown at the top of 
Figure 2 the timer 196 uses a motor 197 
connected across supply lines N and Lj by 

55 an electric line 202. The motor 197 operates 
a cam 198 which moves a contact arm 199 
into engagement with a fixed contact 200 on 
the timer. Before this occurs the switch 
arms 156 and 160 of manually operated 

60 switch 159 have been moved into engagement 
with switch contacts 169 and 167 as described 
earlier. This results in the defrosting being 
controlled by the timer 196 and not by the 
atmosphere pressures on opposite sides of the 

65 evaporator 24 as described earlier. 



Oxygen Control 

The amount of oxygen within the container 
10 is controlled by an oxygen controller 204 
having a sensoc 203, illustrated in Figure 1, 
at the junction of the top passage 12 and side 70 
passage 14 of the atmosphere circuit within 
the container 10. Oxygen sensor 203 is a 
conventional device such as Beckman Model 
764 which senses the oxygen level in the 
container 10 and actuates the control 204. 75 
This also is a conventional control such as 
Minneapolis-Honeywell Model R7161. 

Oxygen control 204 as shown at the top 
of Figure 3 is arranged to energize a solenoid 
205 of valve 206 when the oxygen level in 80 
the container is higher than that set on the 
control 204. This opening of valve 206 per- 
mits storage atmosphere which is normally 
low in oxygen, to flow from a high pressure 
container 207 through a supply line 208 into 85 
the side atmosphere passage 14 mingling with 
the atmosphere that is circulated therethrough. 
This supply of atmosphere dilutes the oxygen 
in the container 10. 

The oxygen control 204 includes a movable 50 
switch arm 209 that is moved in engagement 
with fixed contact 210 when the oxygen level 
is thus higher than that set on the control 
204. The circuit to the solenoid 205 is 
then completed between supply lines L, and 95 
N by an electric line 211 to the switch arm 
209 and a line 213 to the fixed contact 210, 
in which the solenoid 205 is located. 

The oxygen control 204 has a second fixed 
contact 212. A solenoid 214 which controls 100 
valve 215 is in line 216, one end of which 
is connected to contact 212 and the other 
end to supply line N. In parallel with the 
solenoid 214, in line 216, is a relay coil 217 
in electric line 218 also extending between the 105 
contact 212 and the supply line N. 

If the oxygen level becomes too low in 
the container 10 the sensor 203 of the control 
204 causes movable switch arm 209 to move 
away from contact 210 and engage contact 110 
212. This energizes the solenoid 214 to open 
valve 215 and also energizes relay coil 217. 
The energizing of coil 217 closes the norm- 
ally open switch 21Sa which is in series 
with motor 219 to an air compressor 220 115 
in an electric line 221 which extends between 
supply lines N and L,. This energizing of 
compressor motor 219 of the air compressor 
220 causes the air compressor to draw air in 
through an air line 222 and exhaust it into 120 
the container 10 by way of a fluid line 223, 
the open valve 215 and a fluid line 224, 
all as shown in Figure 1. As a safety feature 
there is provided a pressure relief valve 225 
set to open at a predetermined pressure such 125 
as about five pounds per square inch to per- 
mit the compressed air to escape through air 
line 226 in which the relief valve 225 is 
located. 

When the sensor 203 of the oxygen control 130 
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204 senses a correct oxygen level in the 
storage space 21, as preselected on the oxygen 
control 204, the sensor 203 moves the switch 
arm 209 to a neutral position out of engage- 

5 ment with electric contacts 210 or 212. This 
de-energizes solenoids 205 and 214 as well as 
relay coil 217 which permits switch 218 to 
open and stop the operation of the motor 210 
which drives the air compressor 220. 

10 The relationship of the oxygen control 204 
to the solenoid 205 is indicated by the dash 
line 227 of Figure 1. The relationship of 
this oxygen contcol to the air compressor 
motor 219 is indicated by the dash lines 227 

15 and 228. The relationship of the oxygen con- 
trol to the solenoid 214 is indicated by the 
dash lines 227, 228 and 229. 

The Carbon Dioxide Control 
The carbon dioxide as well as the oxygen 

20 in the storage space 21 of the container 10 
can vary from the preselected amounts. The 
carbon dioxide content is sensed by a sensor 
230 of a carbon dioxide control 23 X with 
the sensor 230 being located in the side pass- 

25 age 14 through which the atmosphere is 
passed during the circulation of the atmo- 
sphere within the space 21. The sensor 230 
is a conventional device of which one example 
is a Model 200 infra-red analyzer made by 

30 Mine Safety Appliances C. This sensor 
monitors the carbon dioxide level in the 
container 10. The control 231 which is 
activated by the sensor 230 is also a conven- 
tional device of which one example is a 

35 Minneapolis-Honeywell Versatran controller. 
As is shown in Figure 3 the cacbon dioxide 
controller 231 includes a movable switch arm 
232 which is moved by signals from' the 
sensor 230. The arm 232 is moved by sensor 

40 230 between spaced fixed contacts 233 and 
234 of the control 231. The contact 233 is 
connected to a relay coil 235 and from there 
to electric supply line N by way of electric 
line 237. Fixed contact 234 is connected 

45 to a solenoid 236 and then to line N by 
an electric line 238. To complete the circuit 
the movable switch arm 232 is connected by 
line 239 to electric inlet line L,. 
The relay coil 235 when energized closes 

50 normally open switches 240, 241 and 242 to 
energize the motor 121 of the previously 
mentioned motor driven fluid compressor 122. 
Solenoid 236 when energized opens valve 243 
which permits carbon dioxide from a high 

55 pressure container 244 to flow through a fluid 
line 245 into the side passage 14 of the 
container 10 to add this carbon, dioxide to 
the atmosphere within the storage space 21. 
When the sensor 230 senses a carbon dioxide 

60 content in the space 21 that is higher than 
that set on the control 231 the sensor moves 
the switch arm 232 into engagement with 
contact 233 as shown in Figure 3. This 
energizes relay coil 235 and closes the norm- 



ally open contacts 240, 241 and 242 to 65 
energize the motor 121 to the compressor 
122. The energization of relay coil 235 also 
closes contacts 235c which energizes solenoid 
127& which in turn actuates valve 127a. The 
compressor then operates to draw atmosphere 70 
from the space 21 through the line 126, car- 
bon dioxide adsorber 137 and valve 127a 
into the compressor 122. The atmosphere 
passing through the adsorber is reduced in 
carbon dioxide content in the manner previ- 75 
ously described. The atmosphere is then 
returned by the compressor 122 through line 
128 and pressure relief valve 130 to the 
side atmosphere passage 14 for return to the 
storage space 21. 80 

When the carbon dioxide content in the 
storage space 21 has been reduced to the 
level preselected on the controller 231 the 
sensor 230 moves the switch arm 232 out of 
engagement with the fixed contact 233 to 85 
de-energize the relay 205, permit the switches 
240, 241 and 242 to- open and thereby de- 
energize the motor 121 to the compressor 
122. 

When the sensor 230 senses a lower level 90 
of carbon dioxide in the space 21 than that 
set on the controller 231, the switch arm. 
232 is moved into engagement with contact 
234 to energize the solenoid 236. This opens 
the valve 243 and permits carbon dioxide to 95 
flow from> the high pressure container 244 
through the line 245 into the side passage 
14 for flow into the storage space 21. As 
soon as the sensor 230 senses the preselected 
level of carbon dioxide in the storage space, 100 
the sensor moves the switch arm 232 out of 
engagement with the contact 234 to de- 
energize the solenoid 236 and permit the valve 
243 to close. 

An indicated earlier, the electrical associa- 105 
tions of the various units of this apparatus 
are indicated by broken lines. Thus, line 
191 indicates the relationship of the safety 
thermostat 156 and the solenoid 38 for the 
valve 37. Line 192 indicates the relation- 110 
ship between the defrost termination switch 
157 and the differential pressure switch 146. 
Broken line 193 indicates the association of 
thermostat 173 and the above line 191. 
Broken line 194 indicates the association of 115 
the blower motor 20 and the above line 191. 

In a similar manner, broken line 201 indi- 
cates the association of timer 196 and line 
191. Broken line 246 shows the relationship 
between the carbon dioxide control 231 and 120 
the solenoid 236 of carbon dioxide valve 243. 
Broken line 247 shows the relationship be- 
tween the motor 121 of the compressor 122 
and the carbon dioxide control 231. Broken 
line 248 indicates the relationship between 125 
temperature control 85 and broken line 195 
which extends between the humidity control 
120 and the solenoid 38 to valve 37. 
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Opekatiok 
The operation of the individual components 
and circuit has already been described A 
summary of the operation of the complete 
5 apparatus is as follows: 

During normal operation of the apparatus 
of this invention the motor driven blowers 
19 circulate atmosphere in a counterclockwise 
direction, as viewed in Figure 1, through the 
10 top passage 12, side passage 14, bottom pass- 
age 16, upwardly through the storage space 
21 and back to the blowers 19. The other 
half of the container provides atmosphere 
circulation in the opposite direction. 
15 The circulating atmosphere stream is 
chilled by flow through the evaporator 24 in 
the upper passage 12. The temperature with- 
in the container 21 is controlled to a tempera- 
ture preselected on the main temperature con- 
20 tcoller 85 as sensed by its sensor 86. When 
cooling is required, the sensor as indicated 
by the dash line 238 joined to dash line 195 
opens solenoid valve 37 to permit liquid 
refrigerant to flow from the refrigerant com- 
25 pressor 25 by way of the condenser 27, 
receiver 28, dryer 29 and expansion valve 30 
into the evaporator. Refrigerant is returned 
from the evaporator by way of line 39 and 
pressure regulating valve 32 to complete this 
30 circuit. 

For efficiency of operation and to reduce 
the load of start-up on the compressor a 
separate refrigerant path is provided when 
the valve 37 is closed during periods when 
35 no cooling is required. In this second path 
refrigerant flows from the compressc* 25 
through a line 43 and a coil 44 and back 
to the compressor through a line 45. The 
coil 44 is located in the air stream from the 
40 blowers 19 so as to cool the refrigerant and 
return it as a cool gas to the compressor. 

The main temperature control for the stor- 
age space 21 is provided by the control 85. 
However, the temperature within the space 
45 21 can also be controlled by the stored, 
material itself which is especially important 
for fast chilling of warm newly stored pro- 
ducts. As exemplified in Figure 4 this is 
achieved by employing two temperature 
50 sensors 74 and 75, one of which is inserted 
into the material, such as an apple, and 
the other of which is located on the outer 
surface of the material. These sensors 74 
and 75 operate through, a temperature control 
55 73 which provides fast chilling. When the 
temperature of the stored material is above 
that set on the control 73 the control oper- 
ates solenoid valve 37, as indicated by the 
dash line 249, to permit flow of liquid re- 
60 frigerant to the evaporator 24. At the same 
time control 73 opens solenoid valve 41, as 
indicated by the dash line 84, to permit free 
flow of refrigerant from the evaporator 24 
into the compressor 25, thereby bypassing 
65 pressure regulating valve 32. This provides 



increased flow of liquid refrigerant to the 
evaporator 24 so that it operates at a sub- 
normal temperature for rapid chilling. The 
positioning of the temperature sensor 75 on 
the outer surface of the apple or other 78 
material regulates the temperature control 
73 to prevent freezing of the material from 
the outside in. As soon as the temperature 
reaching the inserted sensor 74 is the same 
as that set on the control 73, control 73 75 
de-energizes solenoids 38 and 42 and returns 
the temperature control to the main tempera- 
ture controller 85. 

In addition the external ambient air 
temperature must be taken into consideration 80 
as when it is lower than the temperature 
within space 21 it will affect the temperature 
within the storage space 21. This is achieved 
by providing external temperature control 
103 which is activated by its sensor 105. 85 

When the external temperature becomes 
abnormally low as pre-selected on the control 
103, the control 103 de-energizes the com- 
pressor, motor 26 to stop the compressor 
(one of the few times the compressor is 90 
stopped) and closes switches 112, 113 and 
114 to place reheater 100 in the electrical 
circuit along with reheater 99 so that 
temperature control 85 can maintain the 
desired temperature of the atmosphere in the 95 
storage space 21. As soon as the external 
temperature rises above the temperature set 
on the control 103 (temperature set on control 
103 is the same as set on control 85) the 
compressor motor 26 is re-energized and 100 
switches 112, 113 and 114 are opened, de- 
energizing reheater 100. 

The apparatus of this invention also pro- 
vides means for automatically maintaining a 
preset humidity in the atmosphere. When 105 
the humidity exceeds that preselected on the 
adjustable humidity controller 120 as sensed 
by the sensor 119, the evaporator 24 is 
operated at increased capacity as previously 
described by opening the refrigerant supply HO 
solenoid valve 37 and opening the bypass 
solenoid valve 41 to permit free flow of 
refrigerant into the compressor 25 and thus 
into the evaporator 24. The excess moisture 
is then deposited as frost on the evaporator 115 
24. The temperature in space 21 is main- 
tained during humidifkation by activating 
reheaters 99 and 100 and controlling the out- 
put of these reheaters by control 85. 

As soon as the humidity in the space 21 120 
reaches the preset value the humidity control 
120 de-energizes solenoids 38 and 42 to return 
the system- to normal operation. 
When the humidity sensed by the sensors 

119 is less than that preselected, the control 125 

120 activates compressor 122 to draw atmo- 
sphere from the space 21 by way of fluid line 
126a! and valve 127<r to compress it and re- 
inject it by way of line 131 through the atom- 
izer nozzle 132. The atomizer nozzle, oper- 130 
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ating on the Venturi principle, sucks up water 
from: tbe body of water 135 on the bottom of 
the container 10 and projects it into the 
circulating atmosphere stream. In order to 

5 achieve this, of course, the humidity control 
120 has also energized the solenoid 124 to 
open the valve 125 which provides access to 
the compressed atmosphere line 131. The 
atmosphere flows through this line rather than 

10 line 128 because of the pressure relief valve 
130 located in line 128. 

The evaporator 24 may be defrosted either 
automatically or by timer 196. When the 
automatic defrost is used the pressure drop 

15 of atmosphere forced through the evaporator 
24 by the blowers 19 is used to activate the 
switch 146. This switch de-energizes solenoid 
38 to close refrigerant supply valves 37 and 
prevent refrigerant flow to the evaporator. It 

20 also de-energizes blower motors 20 to stop the 
blowers. At the same time it energizes the 
defrost heaters 183 on the evaporator to melt 
the frost and permit the resulting water to 
flow down into the body 135 of water at the 

25 bottom of the container 10. As soon as the 
defrosting is terminated the heater 183 is 
de-energized and the motors 20 of the blowers 
are energized and the refrigeration system 
is returned to normal operation. 

30 Instead of automatic defrosting as described 
which is controlled by frost build-up on the 
evaporator the defrosting may be accomplished 
"n the customary manner by a timer 196. 
With the timer the evaporator is defrosted 

35 periodically at fixed intervals. 

As stated earlier, the storage space 21 
is maintained under preselected constant oxy- 
gen and carbon dioxide contents. The oxy- 
gen content is controlled by an oxygen con- 

40 trailer 204. This controller is activated by 
the oxygen sensor 203 which is inside the 
container 10. 

When the amount of oxygen in the container 
10 is in excess of that preset on the con- 

45 troller 204 this controller energizes solenoid 
205 to open valve 206 and permit oxygen 
poor atmosphere to flow from high pressure 
container 27 into the storage container 10. 
When the sensor 203 senses an insufficient 

50 amount of oxygen in the storage atmosphere 
the controller 204 activates the motor 219 
of the air compressor 220 to provide com- 
pressed air to the storage container 10. 
The carbon dioxide content in the storage 

55 atmosphere is sensed by the sensor 230 which 
governs the operation of the carbon dioxide 
control 231. When there is insufficient car- 
bon dioxide in the atmosphere, control 231 
opens solenoid valve 243 to permit carbon 

60 dioxide to flow from the high pressure con- 
tainer 244 into the storage container 10. When 
there is excess carbon dioxide in the storage 
atmosphere, the control 231 energizes the 
compressor motor 121 to operate the com- 

65 pressor 127 This compressor draws storage 



atmosphere by way of fluid line 126 through 
the carbon dioxide adsorber 127 where carbon 
dioxide is removed. The compressed carbon 
dioxide poor atmosphere is then returned to 
the storage container by way of the line 128 70 
and the pressure relief valve 130. 

When the oxygen and carbon dioxide con- 
tents are those set on the controllers each 
controller is de-activated. 

The apparatus of this invention provides 75 
means for adjusting the oxygen and carbon 
dioxide levels to maintain preselected condi- 
tions. The oxygen level sometimes gets too 
high because when the container is first loaded 
air of course enters and normal air contains 80 
about 21% oxygen. The oxygen level some- 
times gets too low because oxygen is con- 
sumed by the stored materials as explained 
by the above respiratory change equation. 
Similarly, carbon dioxide sometimes gets too 85 
concentrated in the storage space because 
carbon dioxide is given off by the materials 
during the storage time. Carbon dioxide also 
occasionally gets too low, such as when the 
container is opened either for loading fresh 90 
material or removing a portion of the stored 
material as this permits the entry of air 
which normally contains only about 0.03% 
carbon dioxide. 

Although the illustrative embodiment shows 95 
refrigeration, the stored materials may be 
maintained at a temperature that is either 
ambient or below or above ambient depending 
on many factors such as the length of the 
storage time, the type and source of materials 100 
being stored and the nature of the material 
itself. A practical but not excluding limit of 
temperature is about 29 — 120° F. Mainten- 
ance of the storage temperature may, in cer- 
tain instances, require heating means as shown 105 
in order to maintain even the minimum 
temperature if the surrounding ambient 
temperature should be too low. For storing 
plant and animal materials such) as fresh 
foods, a storage temperature of about 20— 110 
55°F. is preferred. 

The preferred amount of oxygen in the 
storage atmosphere is maintained between 
approximately 1% and 10% by volume of 
the atmosphere and the amount of carbon 115 
dioxide is maintained from approximately 0.5 
to 6 times the amount by volume of the oxy- 
gen with the remainder of the atmosphere 
benig a gas such as nitrogen from the air 
supply that is inert to the stored materials 120 
and which therefore has no measurable 
chemical effect on the materials. In most 
instances, the amount of carbon dioxide is 
preferably between about 1% and 15% by 
volume when the amount of oxygen is between 125 
about 1% and 10% by volume. For example, 
an atmosphere that has been found to be 
effective for most storage under the conditions 
of this invention is one containing 4% oxy- 
gen, 10% carbon dioxide and 86% nitrogen. 130 
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Some materials such as certain fruits may 
be better stored in an atmosphere containing 
3% oxygen, 2% carbon dioxide and 95% 
inert gases, while other fruits may require 
5 foe best results a storage atmosphere of 1% 
oxygen, 5% carbon dioxide and 94% inert 
gases. Of course, it is most important that 
the atmosphere, regardless of its actual gas 
content, is vented from the storage space dur- 

10 ing the time the preserving atmosphere is 
being supplied, so that the incoming atmo- 
sphere substantially continually replenishes the 
atmosphere -within the space so that the atmo- 
sphere is not static. 

15 The continual replenishing of the atmo- 
sphere within the storage space is necessary 
in order to remove respiration products as 
well as other products of aging. It has been 
discovered that if these products resulting 

20 from the storage in the atmosphere of this 
invention ace not removed damage to the stored 
materials to optimum conditions which include 
the continual replenishing of the storage 
atmosphere, the appearance and quality of the 

25 stored materials may be maintained at desir- 
able levels throughout the storage period. 
This continual replenishing may be achieved 
by venting the atmosphere from the storage 
chamber as fresh atmosphere is introduced. 

30 Although no means are shown for venting 
storage atmosphere from the container, vent- 
ing can occur from the usual leakages around 
sealing gaskets and through screw holes, bolt 
holes and other normal sources. 

35 Most animal and plant materials will be 
stored at 85 — 100% relative humidity. With 
some materials such as onions, grains and 
nuts the humidity may be lower such as that 
of ambient conditions. Thus, the relative 

40 humidity may be as low as 25% or lower 
and as high as 100%. 

Examples of animal and plant materials 
that may be stored for long periods of time 
under the conditions of this invention are non- 
45 food materials such as cut flowers, tobacco, 
and flower bulbs and foods such as apples, 
heroes, peaches, pears, milk products includ- 
ing milk, butter and cheese, onions, celery, 
tomatoes, carrots, oranges, meat and meat 

50 products, eggs, potatoes, bananas, grapes, 
asparagus, beans, grains, nuts and peas. 

Attention is drawn to our copending 
divisional Applications Ncs. 40588/66 and 
40589/66. Application No. 40588/66 (Serial 

55 No. 1,076,585) describes and claims apparatus 
for storing foe a storage period perishable 
animal and plant materials, comprising a con- 
tainer having a storage space for the materials, 
cooling means for cooling the interior of the 

60 container, first thermo-responsive means 
adapted to be subjected to the temperature 
of the interior of the stored material operable 
at a preselected sub-storage temperature for 
controlling the operation of the cooling means, 

65 and second thermoresponsive means adapted to 



be subjected to the temperature of the surface 
of the stored material operable at a pre- 
selected sub-storage temperature for con- 
trolling the operation of the cooling means, 
each of the thermoresponsive means being 70 
operable independently of the other for con- 
trolling the operation of the cooling means. 
Application No. 40589/66 (Serial No. 
1,076,585} describes and claims apparatus for 
storing for a storage period perishable animal 75 
and plant materials subject to respiratory 
deterioration changes cn storage in air contain- 
ing normal quantities of oxygen and carbon 
dioxide wherein oxygen is consumed and 
carbon dioxide is produced according to the 80 
following approximate respiratory change 
equation: 

n0 2 4-(CH,0) u -> nCCK+nELQ 
wherein (CHaO),, represents a carbohydrate 
molecule from said materials, comprising an 85 
enclosure having a storage space for the 
materials; means for maintaining in the storage 
space during the storage period a storage 
atmosphere containing oxygen in a preselected 
amount; oxygen detection means in com- 90 
munication with the storage space for detect- 
ing the amount of oxygen therein; and means 
activated by the detection means for main- 
taining the preselected amount of oxygen in 
the storage space. 95 

WHAT WE CLAIM IS:— 

1. Apparatus for storing perishable animal 
and plant materials subject to respiratory 
deterioration changes on storage in air con- 
taining normal quantities of oxygen and car- 100 
bon dioxide wherein oxygen is consumed and 
carbon dioxide is produced according to the 
following approximate respiratory change 
equation: 

nO,+(CH,0) n ->nC0 2 +nH ; 0 105 
wherein (CET 2 0) represents a carbohydrate 
module from said materials, comprising a 
storage container for the materials; atmosphere 
control means for maintaining in the storage 
container a storage atmosphere of a predeter- 110 
mined composition to retard but not to pre- 
vent the progress of the equation; temperature 
control means for maintaining a predeter- 
mined temperature in the storage container; 
humidity control means for maintaining a pre- 115 
determined relative humidity in the storage 
container; and air translation means for circu- 
lating the storage atmosphere in the storage 
container. 

2. Apparatus according to claim 1, wherein 120 
the atmosphere control means includes a 
storage atmosphere supply and removal means 

in communication with the storage container 
for supplying or modifying the storage atmo- 
sphere. 125 

3. Apparatus according to claim 2, where- 
in the storage atmosphere supply means in- 
cludes a source of carbon dioxide rich gases 
and a source of substantially carbon dioxide 
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and oxygen free gases and the atmosphere 
removal means includes a gas adsorber. 

4. Apparatus according to claim: 2 or 3, 
wherein the atmosphere control means in- 

5 ciudes an atmosphere detection means in 
communication with the storage container and 
operatively connected to the storage atmo- 
sphere supply and removal means for moni- 
toring the storage atmosphere in the storage 

10 container and energizing either the storage 
atmosphere supply or the removal means 
when the storage atmosphere deviates from 
the predetermined composition to maintain 
the predetermined composition. 

15 5. Apparatus according to claim 4, where- 
in the atmosphere control means includes a 
gas pump in a fluid circuit having an inlet 
communicating with the storage container, 
and an outlet communicating with the storage 

20 container, said removing means being in the 
fluid circuit for decreasing the carbon dioxide 
content of the storage atmosphere in the 
storage container when the detection means 
energizes the gas pump. 

25 ^ 6. Apparatus according to claim 5, where- 
in the atmosphere control means includes a 
second gas pump in a second fluid circuit hav- 
ing an outlet communicating with the storage 
container and an inlet communicating with 

30 ambient atmosphere, said detection 'means 
being operatively connected to the second gas 
pump to energize said second gas pump when 
an increase of oxygen is needed in the storage 
container. 

35 _ 7. Apparatus according to claim 6, where- 
in the detection means comprises first and 
second control means, the first control means 
being operatively connected to the second gas 
pump and to the source of substantially carbon 

40 dioxide and oxygen free gases for effecting 
the increase or decrease respectively of oxy- 
gen content of the storage atmosphere in the 
storage container, and the second control 
means being operatively connected to the first 

45 gas pump and to the source of carbon dioxide 
rich gases for effecting the decrease or increase 
respectively of carbon dioxide content of the 
storage atmosphere in the storage container. 

8. Apparatus according to any preceding 
50 claim, wherein the temperature control means 

includes refrigerating means having a cool- 
ing evaporator in cooling relationship with 
the storage container, a refrigerant compressor, 
valve means for directing refrigerant through 

55 a first conduit from, the compressor to the 
evaporator and back to the compressor during 
a cooling period and for directing refrigerant 
from the compressor through a second con- 
duit back to the compressor during non-cool- 

60 ing periods for the storage container, and coil 
means for cooling the refrigerant in the 
second conduit prior to the return of the 
refrigerant to the compressor. 

9. Apparatus according to claim 8, where- 
65 in the cooling means for the refrigerant com- 



prising a portion of the second conduit in 
cooling relationship with the storage space. 

10. Apparatus according to claim 8 or 9, 
wherein a condenser is provided in the first 
conduit for condensing gaseous refrigerant 70 
to a liquid. 

11. Apparatus according to claim 10, where- 
in a pressure regulating valve is provided in 
the first conduit for maintaining a desired 
back pressure on the evaporator, means being 75 
provided for selectively bypassing the pres- 
sure regulating valve for refrigerant flow 
directly to the compressor during periods of 
increased cooling. 

12. Apparatus according to claim 8, 9, 80 
10 or 11, wherein heater means are provided 

in the storage container. 

13. _ Apparatus according to claim: 12, 
wherein the temperature control means in- 
cludes a temperature detection means for 85 
monitoring the temperature of the storage 
space in the container and controlling the 
energization of the valve means, the refrigerant 
compressor and the heater means to maintain 

the predetermined temperature. 90 

14. Apparatus according to any one of 
claims 8 to 13, wherein the second conduit 
includes an expansion valve and bypasses 
the first conduit whereby the refrigerant com- 
pressor is adapted to run substantially con- 95 
tinuously. 

15. Apparatus according to any preceding 
claim, wherein the humidity control means 
includes a source of moisture; dispersing 
means for selectively injecting moisture from 100 
the moisture source into the storage container; 

and detection means for monitoring the 
humidity within the storage container and con- 
trolling the energization of the dispersing 
means. 105 

16. Apparatus according to claimt 1, 
wherein the humidity control means includes 
a humidifying means, a dehumidifying means 
and a detection means. 

17. The apparatus of claim 16, wherein the 110 
humidifying means includes a source of water 

and dispersing means for selectively injecting 
moisure from said water source into the stor- 
age container; and said detection means in- 
cluding humidity sensing means for monitor- 115 
ing the moistuce content in the storage con- 
tainer and actuating means operatively con- 
nected to the dispersing means, said humidity 
sensing means effecting the energization of 
the actuation means when an increase of mois- 120 
ture is needed in the storage container. 

18. Apparatus according to any preceding 
claim, wherein means including an atmosphere 
circulation conduit are provided for with- 
drawing from the storage space and then 125 
returning to the space a portion of the atmo- 
sphere, there also being provided a com- 
pressor for compressing the atmosphere por- 
tion prior to the returning and means for 
utilizing expansion of the compressed atmo- 130 
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sphere portion for introducing an added in- 
gredient to the space atmosphere. 

19. Apparatus according to claim 18, 
wherein the means for utilizing the compressed 

5 portion is adapted to transfer aqueous liquid 
from a supply source to the storage space 
atmosphere. 

20. Apparatus according to claim. 19, 
wherein the means for utilizing the ccm- 

10 pressed portion comprises an injection nozzle 
communicating with the storage space for 
flow of the compressed portion through the 
nozzle, such nozzle having a liquid inlet in 
the supply source and a common outlet for 

15 the compressed portion and the liquid. 

21. Apparatus according to claim 20, 
wherein the injection nozzle is provided at 
the exit from an auxiliary conduit leading 
from the atmosphere circulation conduit to 

20 the space, means being provided for selec- 
tively directing a portion of the storage atmo- 
sphere through the auxiliary conduit to intro- 
duce moisture to the storage space. 

22. Apparatus according to any preceding 
25 claim, wherein cooling means for cooling the 

storage space in the storage container is con- 
trolled by first thermostatic means adapted 
to be subjected to the temperature of the 
interior of stored material and second therm o- 

30 static means adapted to be subjected to the 
temperature of the surface of the stored 
materiaL each of the thermostatic means being 
operable independently of the other for con- 
trolling the operation of the cooling means. 

35 23. Apparatus according to claim 22, 
wherein the cooling means is of variable 
capacity, the control means being adapted 
selectively to increase the capacity of the 
cooling means to produce a sub-storage 

40 temperature within the storage space for rapid 
cooling of stored materials, the first thermo- 
static means being adapted to initiate and 
terminate the operation of the control means; 
the second thermostatic means being sensitive 

45 to determine the minimum; value of the sub- 
storage temperature in the storage space, and 
third thermostatic means sensitive to the pre- 
selected storage temperature being provided 
for maintaining the preselected storage 



temperature in the storage space after termina- 50 
tion of the control means. 

24. Apparatus according to claim 23, 
wherein further thermostatic means are pro- 
vided for sensing the ambient temperature of 

the exterior of the container, such further 55 
thermostatic means being operable to termin- 
ate operation of the cooling means at an 
ambient temperature that is lower than the 
preselected temperature at the interior of the 
container. 60 

25. Apparatus according to claim 24, 
wherein heating means for heating the interior 
of the container are energizable by means 
operated by said further thermostatic means. 

26. Apparatus according to any preceding 65 
claim, wherein the humidity control means 
includes a refrigerant evaporator capable of 
operating at sub-freezing temperatures, where- 
by moisture is removable from the storage 
atmosphere in the storage space in the form 70 
of frost, means being provided for supplying 
heat to the atmosphere immediately subse- 
quent to it having contacted the evaporator. 

27. Apparatus according to claim 26, 
wherein an atmosphere passage is provided 75 
externally of the storage space, means being 
provided for circulating the atmosphere in 

a circuit comprising the storage space and 
the atmosphere passage, and the refrigerant 
evaporator being provided in the passage. 80 

28. Apparatus according to claim 27, 
wherein the heat supply means are provided 
in the passage downstream of the evaporator 
and means are provided for activating the heat 
supply means at a preselected temperature in 85 
the storage space to maintain materials stored 
therein at the preselected temperature. 

29. Apparatus for storing perishable animal 
and plant materials, such apparatus being con- 
structed and arranged substantially as herein 90 
described with reference to and as illustrated 

in the accompanying drawings. 
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